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ROM 1980 THROUGH 1992, ANTImicrobial prescribing rates for children by physicians in officebased practice in the United States increased by 48%. 1 The increased use of antimicrobial drugs coincided with the emergence of antimicrobial resistance, an important clinical and public health problem. [2] [3] [4] [5] [6] [7] [8] The association of resistance with the use of antimicrobial drugs has been documented in both inpatient 9 and outpatient settings. 10 Antimicrobial resistance among respiratory pathogens has become a common clinical problem in routine office practice. 11 In recent years, an increase in illness caused by multidrug-resistant Streptococcus pneumoniae, a communityacquired pathogen, was observed in the United States. 12 The majority of antimicrobial prescriptions provided by officebased physicians are for respiratory tract infections, 1 and much of this prescribing is for viral conditions for which these drugs are not indicated. 13, 14 Throughout the 1990s, public health and professional organizations, including the Centers for Disease Control and Prevention (CDC), American Academy of Pediatrics, American Academy of Family Practice, American Society for Microbiology, and Alliance for the Prudent Use of Antibiotics, undertook campaigns and interventions to promote appropriate antimicrobial use, [15] [16] [17] [18] which is defined as use that maximizes therapeutic impact while minimizing toxicity and the development of resistance.
This study analyzed National Ambulatory Medical Care Survey (NAMCS) data from 1989 through 2000 to describe trends in antimicrobial prescribing by US office-based physicians for children and adolescents younger than 15 years overall and for respiratory tract infections. The NAMCS is the only survey of office-based physicians in the United States that produces unbiased national estimates and collects prescribing information. These data pro-vide a unique opportunity to evaluate antimicrobial use on a national level over time.
METHODS
The NAMCS is an annual probability sample survey of office-based physicians in the United States conducted by the National Center for Health Statistics of the CDC. The NAMCS was administered continuously from 1973 through 1981, was conducted again in 1985, and resumed continuous administration in 1989. Since 1989, the US Census Bureau has been responsible for field operations and data collection.
A report describing sample design, sampling variance, and estimation procedures of the NAMCS has been published. 19 The NAMCS uses a 3-stage probability sampling procedure. The first stage contains 112 geographic primary sampling units. The second stage consists of a probability sample of practicing nonfederally employed physicians (excluding those in the specialties of anesthesiology, radiology, and pathology) selected from the master files maintained by the American Medical Association and the American Osteopathic Association, which are stratified by physician specialty. Physicians who are selected to participate in the NAMCS during a particular calendar year are not eligible to be selected again for at least another 3 years. The third stage involves selecting patient visits to sample physicians during a randomly assigned 1-week reporting period throughout the year.
Response rates and numbers of participating physicians, pediatric patient visit records, and pediatric antimicrobial records for 1989-1990 through 1999-2000 are presented in the TABLE. The NAMCS response rate was defined as the number of eligible physicians who completed the survey plus the number of eligible physicians who saw no patients during the study period (numerator) divided by the sum of the numerator and the number of physicians who refused to participate.
The patient visit record form contained patient demographic data and information about the visit including up to 3 diagnoses coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification, 20 and medications prescribed. Physicians were instructed to record all new or continued medications ordered, supplied, or administered at the visit, including prescription and nonprescription preparations, immunizations, desensitizing agents, and anesthetics. From 1989 through 1994, up to 5 medications could be recorded per visit and from 1995 through 2000 up to 6 medications could be recorded per visit. Drugs were coded according to a classification system developed at the National Center for Health Statistics. A report describing the method and instruments used to collect and process drug information has been published. 21 Since data on the route of administration were not collected, an attempt was made to delete topical preparations by reviewing trade names and excluding those intended for topical use. [22] [23] [24] [25] [26] For this study, antimicrobial drugs were defined as those belonging to the following groups: azithromycin/clarithromycin, cephalosporins, erythromycins, penicillins, quinolones, tetracyclines, and trimethoprim-sulfamethoxazole.
The 28 for which antimicrobials were determined to be inappropriate. In the latter case, records were reviewed by a pediatrician (R.E.B.) to ensure that there were no competing conditions that potentially warranted treatment with an antimicrobial. Therefore, a visit with a diagnosis of both otitis media and upper respiratory tract infection would be classified as having an otitis media diagnosis, not an upper respiratory tract infection diagnosis. A visit with a diagnosis of both bronchitis and a viral infection for which an antimicrobial would be inappropriate was classified as having a bronchitis diagnosis.
Data from the NAMCS sample were weighted to produce national estimates. The weighting from 1989-1994 included selection probability, nonresponse adjustment, and physicianpopulation weighting ratio adjustment. In 1995, a fourth component, weight smoothing, was added. Two years of data were combined to provide more reliable estimates. The data presented reflect average annual estimates for each 2-year period. Two types of antimicrobial drug prescribing rates were used in the analysis. The population-based rate was defined as the average annual number of antimicrobial drugs recorded for children and adolescents younger than 15 years during the 2-year period divided by the average annual number of US children and adolescents younger than 15 years during the 2-year period. The population denominators were based on US Census Bureau monthly postcensal estimates of the civilian noninstitutional population of the United States as of July of each year. 29 Figures were adjusted for net underenumeration using the 1990 National Population Adjustment Matrix. Changes in population-based antimicrobial prescribing rates reflect changes in physician prescribing behavior and in frequency of office visits. Changes in the frequency of office visits may result from changes in telephone advice and prescribing, in patient education by physicians, in insurance status, or in disease incidence. The visit-based rate was defined as the average annual number of antimicrobial drugs recorded for children and adolescents younger than 15 years during the 2-year period divided by the average annual number of physician office visits by children and adolescents younger than 15 years. The denominator of the visit-based rates for the specific respiratory tract infections was the number of physician office visits by children and adolescents younger than 15 years for that particular diagnosis. The visit-based prescribing rates were used to assess changes in officebased antimicrobial prescribing during encounters over time.
Because NAMCS data show that children younger than 5 years represent the pediatric group for whom physician office visits for otitis media and the common cold are the most frequent (L.F.M., unpublished data, 1999-2000), antimicrobial population-and visit-based prescribing rates were also calculated for this age category.
SUDAAN statistical software was used for all statistical analyses. 30 The SEs used to calculate the 95% confidence intervals (CIs) around the rates took into account the complex sample design of the NAMCS. 30 All estimates in this analysis had less than a 30% relative SE (ie, the SE divided by the estimate expressed as a percentage of the estimate) and were based on 30 cases or more in the sample data. Significance of trends was based on a weighted least-squares regression analysis at the .05 level of significance. 31 The 2-tailed t test was used to compare the slopes of trend lines (.05 level of significance).
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RESULTS
The number of participating sample physicians in each 2-year period of the study ranged from 2500 to 3500 and the annual response rates ranged from 65% to 74% (Table) . The number of completed pediatric patient record forms ranged from 6500 to 13600 per 2-year period, and the number of these records that had an antimicrobial prescribed ranged from 1300 to 4000 per 2-year period.
There was no significant change in the overall office visit rate, regardless of antimicrobial prescribing, from [1989] [1990] 08; FIGURE 1 ). The number of visits for the 5 respiratory tract infections combined declined 34% from 1989-1990 to 1999-2000 from 961 (95% CI, 828-1094) visits per 1000 children and adolescents younger than 15 years to 635 (95% CI, 542-728; P for slope Ͻ.001). During the 12-year study period, the average annual 1 9 9 1 -1 9 9 2 1 9 9 3 -1 9 9 4 1 9 9 5 -1 9 9 6 1 9 9 7 -1 9 9 8 1 9 9 9 -2 0 0 0 FIGURE 2 ). However, there was no significant change in visit rates for sinusitis (P for slope = .27), upper respiratory tract infection (P for slope Ͼ.99), or UTI (P for slope = .39).
Population-Based Prescribing Rates
In 1989-1990, the average annual number of antimicrobial drugs prescribed in physician offices for children and adolescents younger than 15 years was 45.5 million compared with 30.3 million in 1999-2000. The average populationbased annual rate of overall antimicrobial prescriptions decreased 40% from 838 (95% CI, 711-966) per 1000 children and adolescents younger than 15 years in 1989-1990 to 503 (95% CI, 419-588) in 1999-2000 (P for slope Ͻ.001; Figure 1 ). For the 5 respiratory tract infections combined, the average annual rate decreased 44% from 674 (95% CI, 568-781) antimicrobial prescriptions per 1000 children and adolescents younger than 15 years in [1989] [1990] Figure 2 ). No significant change in the population-based rates of antimicrobial prescribing was found for sinusitis (P for slope=.61) or for UTI (P for slope=.19). For children younger than 5 years, similar trends in population-based rates of antimicrobial prescribing were found as those observed in children and adolescents younger than 15 years. The average annual rate of overall antimicrobial prescribing decreased 40% from 1422 (95% CI, 1182-1663) antimicrobial prescriptions per 1000 children younger than 5 years in 1989-1990 to 851 (95% CI, 694-1008) in 1999-2000 (P for slope Ͻ.001; FIGURE 3). Decreasing trends were also found from [1989] [1990] ; P for slope = .009). No significant differences in the slopes of the trend lines were found between children younger than 5 years and children and adolescents younger than 15 years for the overall population-based antimicrobial prescribing rate or the prescribing rates for the 5 individual or combined respiratory tract infections.
Visit-Based Prescribing Rates
The average visit-based annual rate for overall antimicrobial prescribing decreased 29% from 330 (95% CI, 305-355) antimicrobials per 1000 visits among children and adolescents younger than 15 years in 1989-1990 to 234 (95% CI, 210-257) in 1999-2000 (P for slope Ͻ.001; Figure 1 ). For the 5 respiratory tract infections combined, the average annual rate decreased 14% from 715 (95% CI, 682-748) antimicrobial prescriptions per 1000 visits among children and adolescents younger than 15 years in 1989-1990 to 613 (95% CI, 570-657) in 1999-2000 (P for slope Ͻ.001; Figure 1) For children younger than 5 years, similar trends in visit-based rates of antimicrobial prescribing were found as those observed in children and adolescents younger than 15 years. The average annual visit-based rate of overall antimicrobial prescribing decreased 27% from 345 (95% CI, 315-374) antimicrobial prescriptions per 1000 visits among children younger than 5 years in 1989-1990 to 252 (95% CI, 224-279) in 1999-2000 (P for slope Ͻ.001; Figure 3 ). Decreasing trends were also found from [1989] [1990] 
COMMENT
This analysis of 1989-2000 NAMCS data found decreasing trends in both the population-and visit-based antimicrobial prescription rates, overall and for respiratory tract infections for children and adolescents seen by officebased physicians over a 12-year period, in contrast to the previously reported increasing trend in annual population-based rates from 1980 through 1992. 1 The population-based prescribing rate indicates the number of antimicrobials prescribed per child in the United States and was used to assess changes over time that may be due to variations in visiting an officebased physician. Changes in population-based rates may reflect changes in the visit or prescribing threshold, or both. For example, one of the efforts to promote the appropriate use of antimicrobials included educating clinicians and patients about which infections might have a viral origin. Therefore, patients may have been less likely to make a physician office visit if they had a cold or bronchitis or knew that their physician would not prescribe an antimicrobial for their condition. Also, clinicians might have been less inclined to see a child during the first few weeks after treatment of otitis media, since antimicrobials are no longer recommended for the management of an uncomplicated posttreatment middle ear effusion.
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Visit-based antimicrobial prescribing rates reflect prescribing behavior once a visit has occurred. Trends in population-and visit-based antimicrobial prescribing rates for the 5 specific respiratory tract infections were concordant for pharyngitis, sinusitis, and upper respiratory tract infection. For otitis media and bronchitis, however, decreases were found in the populationbased but not visit-based antimicrobial prescribing rates, which indicates that there was no change in antimicrobial prescribing for patients who came into the office. Several factors may explain why there was no change in the visitbased prescribing rate: only patients with more serious infections for which antimicrobials might be appropriate came into the office; diagnostic accuracy was improved, for example, through use of pneumatic otoscopy to diagnose middle ear effusion; or the incidence of otitis media and bronchitis may have decreased with no change in prescribing practices.
High rates of antimicrobial use for upper respiratory tract infections reported in several studies using NAMCS data 13, 14, 33 raise concern about appropriateness of antimicrobial prescribing. In a study of pediatric office visits, antimicrobials were prescribed at 44% of visits for the common cold and at 75% of visits for bronchitis. 13 Findings from a study of adult patients seeking care for acute respiratory tract infections at primary care practices in a group-model health maintenance organization suggested that clinicians use the diagnosis of acute bronchitis as an indication for antimicrobial treatment, despite clinical trials and expert recommendations to the contrary. 34 Antimicrobial treatment of uncomplicated acute bronchitis was reduced by up to 40% in a large community practice setting using a multidimensional intervention strategy. 35 The results of a survey of pediatricians found that parental pressure, rather than concerns about legal liability or the need to be efficient in practice, was the major reason that oral antimicrobials are prescribed inappropriately. 36 The majority of pediatricians surveyed indicated that educating parents about appropriate antimicrobial use is the single most important factor in reducing unnecessary antimicrobial use. Other concerns expressed by physicians are time pressures, inadequate diagnostic criteria for identifying bacterial infections, and concern about lack of patient follow-up. 37 A major limitation of this study is that diagnoses cannot be associated with a particular drug, dose, or duration of therapy; therefore, the appropriateness of an antimicrobial prescription could not be assessed. Also, we could not assess whether antimicrobial prescribing shifted from office-based to telephonebased because patient visits recorded in the NAMCS do not include telephone encounters. However, the rate of officebased antimicrobial prescriptions for UTI remained stable during the study period, suggesting that no shift from officebased to telephone-based prescribing occurred. For example, if there had been an increase in antimicrobial prescribing for UTIs over the telephone, then the population-based rates for office-based prescribing would have decreased. In addition, antimicrobial prescribing does not appear to have shifted to other health care settings. From 1992 through 1999, the trend in the percentage of hospital emergency department visits among children and adolescents younger than 15 years at which an antimicrobial was prescribed decreased. 38 Also, without incidence data for the respiratory tract infections examined in this study, we could not determine the extent to which changes in disease incidence may have affected physician office visit rates and population-based prescribing rates for these conditions. Finally, although the number of physicians who participated in the NAMCS and the number of patient visit record forms completed during the study period decreased, there was not a corresponding increase in the relative SEs of the estimates.
There is general agreement that antimicrobial use leads to drug resistance. 10, [39] [40] [41] [42] [43] Some of the efforts of the CDC, its partners, and other professional organizations to address the important clinical and public health problem of emerging antimicrobial resistance are to enhance surveillance systems that track human antimicrobial drug use; to develop educational and behavioral interventions to modify drug prescribing practices and educate patients and parents on the appropriate use of antimicrobials 11, 43 ; to develop guidelines for the appropriate use of antimicrobials; to evaluate the impact of vaccine use in preventing
